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Fouling is common
TEM photomicrograph of 
cross section through a biofilm
formed on a polyetherurea UF 
membrane ( m) fed with 
domestic tap water showing 
cells and unidentifield
electron-dense material 
embedded in the EPS matrix. 
Bar = 1um
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How to study fouling?

Schematic illustration of a 
DMC system. Optical slices 
are captured digitally along 
the specimen z axis. Hazy 
and defocused information in 
each section is subsequently 
removed digitally via 
deconvolution algorithms. The 
sections are then digitally 
recombined to produce a 3-D 
virtual image of the specimen 
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How to study fouling?

Schematic illustration of AFM 
system. A silicon nitride probe 
tip mounted on a cantilever is 
rastered in the x-y plane over 
the specimen surface. Z- axis 
cantilever deflections and 
sideways torsion ( measured 
by laser ) signal tip-specimen 
interactions and surface 
topographic features. Digital 
data are recombined to 
generate a 3-D virtual image of 
the specimen topographic 
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How to study fouling?
Schematic illustration of ATR-
FTIR spectrometry technique for 
monitoring biofilm formation. 
The molecular composition of a 
biofilm growing on the surface 
of a polymer-coated germanium 
IRE is quantified by determining 
the attenuation of an IR signal 
(evanescent wave) which 
penetrates a short distance 
(about 100 nm) to allow biofilm
detection 
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Major effects of biofouling
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Fouling on Membrane Surface

Permeate
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Principal 
Adverse 
Effects of 
RO 
Membrane 
Biofouling
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Longitudinal collapse of RO elements operated in excess of 
manufacturer’s specified module differential pressure. Differential 
pressure increase resulted primarily from the combined effects of 
colloidal and microbial fouling
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SEM photomicrograph 
og biofilm development 
on non-woven polyester 
support fibers (inset) on 
permeate surface of RO 
membrane. 
Note partial occlusion of 
rod-shaped bacteria by 

EPS. Bar = 5um.
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Biodeterioration of 
polyurethane glue line of an 
RO  membrane element by 
filamentous fungi: (panel a) 
Macroscopic view of glue line 
(approximately actual size); 
dark irregular patches indicate 
areas of penetration of fungal 
filaments (hyphae) into glue 
line (arrow); m = cellulose 
acetate membrane; g = 
polyurethane glue line. (Panel 
b) Microscopic view of 
uninfected (control) region of 
glue line. (Panel c) microscopic 
view of infected region of glue 
line showing invasion by fungal 
hyphae and loss of glue 
integrity. 
Bar = 100 um. 
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Typical permeate flow decline 
in membrane operation

m3/h

Days
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Conventional Solution to Fouling

Back washing
Mechanical cleaning
Chemical cleaning
Ultrasonic cleaning
Change membrane module
Engage membrane manufacturer
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New Solutions to BioFouling

Back washing
Chemical cleaning
Change membrane module
Biotech solution
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Schematic illustration 
of major events in 
membrane biofouling
process
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Fouling on Membrane Surface

Fluid flow

Permeate

Retente
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Biofouling on Membrane Surface

Permeate
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Biofouling on Low-Pressure Membrane Surface

Biofilm

Permeate
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Biofouling on High-Pressure Membrane

Biofilm

Permeate
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Chemical Cleaning of Biofoulants

Permeate
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Backwash on Low-Pressure Membrane

Biofilm

Backwash
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Backwash on Low-Pressure Membrane

Biofilm

Backwash
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Backwash on Low-Pressure Membrane

Backwash (Plus Chemicals)
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TEM photomicrograph of 
Pseudomonas diminuta cells 
attached to an aromatic cross-
linked polyamide RO 
membrane. Note intimate 
association of bacterial 
surface macromolecules with 
the synthetic polymer surface 
(inset). Cells are about 1 um in 
diameter.
(Courtesy of Gabriella 
Schaule, University of 
Stuttgart, Stuttgard Germany)
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Schematic 
illustration of the 
bacterial 
adhesion 
process. Note 
that the 
irreversible 
adhesion phase 
is associated 
with EPS 
biosynthesis
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Schematic 
diagram showing 
potential points of 
intervention in the 
membrane 
biofouling
process
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Potential 
Points of 
Intervention in 
the Membrane 
Biofouling
Process
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Events in Membrane Biofouling Processes

* Refer to time a new membrane is placed into operation.
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Design Criteria
Criteria Example

Design flow m3/day

Membrane modules 4UF, 2MF 

Operation systems 2 Parallel

Recovery rate 90%

Pretreatment Filter cloth

Cleaning procedures Pressurize water & air scrubbing
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Recovery rate
The percent of feedwater recovered is given in 
terms of water recovery:

Recovery = Qp/Qf x 100%

where Qp = product water flow, m3/d or gpm

Qf = feedwater flow, m3/d or gpm
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Cleaning effects (1)
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Cleaning effects (2)
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Some Generic Components in cleaning Solution Designed to 
Treat Biofouling Separation Membrane
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Disinfecting Agents Commonly Used to control 
Biofouling in membrane System
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Example 1: 

Reverse Osmosis

A city’s water demand is 26.5 metric ton/day 
(7 mgd). What is the source water 
(feedwater) flow required for a brackish 
water RO, if the plant recovery rate is 78 
percent?

Solution 1
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Example 2:

Reverse Osmosis
For a brackish water RO treatment plant, 
the feedwater applied is 53.0 ton/d (14 
mgd) to the membrane and the product 
water yields 42.4 ton/d (11.2 mgd). What 
is the percentage of brine rate?

Solution 2
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Example 3: 

Reverse Osmosis
At a brackish water RO treatment 
plant, the total dissolved solids 
concentrations for the pretreated 
feed water and the product water 
are 2860 and 89 mg/L, 
respectively. Determine the 
percentages of salt rejection and 
salt passage.

Solution 3
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Example 4:

Reverse Osmosis
A pretreated feedwater to a brackish water RO 
process contains 2600 mg/L of TDS. The flow is 
0.25 m3/s (5.7 mgd). The designed TDS 
concentration of the product water is no more 
than 450 mg/L. The net pressure is 40 atm. The 
membrane manufacturer provides that the 
membrane has a water flux rate coefficient of 1.8 
x 10-6 s/m and solute mass transfer rate of 1.2 x 
10-6 m/s. Determine the membrane area 
required.

Solution 4
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Silt Density Index

The Silt Density Index (SDI) is calculated as:
SDI =   1 – ti 100

tf 15

where ti = time initially needed to filter 500 mL of sample
tf = time needed to filter 500 mL at the end of the 15 

min test period
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Example 5: 

Silt Density Index

The time initially required to filter 500 mL
of a dual-media filter effluent is 14.5 s. 
The time required to filter 500 mL of the 
same water sample at the end of the 15 
min test period is 48 s. Calculate the SDI.

Solution 5
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Case study

Critical Flux of Membrane Bioreactor (MBR) for Palm 
Oil Mill Effluent (POME) Treatment under 
Aerobic Conditions

Objectives
To determine critical flux of a flat sheet MF 
membrane for POME treatment
To determine the optimum operating conditions of 
flux in POME treatment to optimize the permeate 
production
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Membrane bioreactor pilot plant

Air pump

Immersed 
Membrane

Feed

Pump

Vacuum 
Gauge

Air Diffuser

Level 
Control

Valve

Valve

Permeate

Pressure 
Transducer

beaker

Pump

Computer

Significance of Study
Most of the studies conducted on fouling were focused on fouling mechanism in side-
stream membrane systems for POME treatment
This study is focused on fouling control in submerged MF MBR through flux control
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Operational Stage

Permeability Test
Critical Flux Test
Operating Conditions
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Permeability test

Conducted before and after experiment in MBR
– The pump suction rate was controlled 
– Permeate collected for 1 minute in measuring 

cylinder to measure volume and record TMP
– Permeability was calculated

To determine suitability of the MF membranes 
for POME treatment
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Critical Flux Concept
Critical flux is the flux at which colloidal deposition 
takes place
Below the critical flux value, the flux is directly 
proportional to transmembrane pressure (TMP)

Importance of critical flux?
Essential design parameter

– Determine membrane area and reactor volume required

Limit of operation 
– Avoid rapid fouling
– Avoid frequent cleaning 
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Importance of critical flux

Essential design parameter
– Determine membrane area and reactor 

volume required
Limit of operation 

– Avoid rapid fouling
– Avoid frequent cleaning 
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Critical Flux Test

To determine the critical flux value
– Permeate collected for 1 minute in measuring 

cylinder to measure volume and record TMP
– Suction rate increased for every 10 minutes until 

critical flux exceeded
– When critical flux exceeded, suction rate decreased 

for every 10 minutes

To determine three appropriate fluxes
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Operating Conditions

Three flux  levels were determined

TMP and permeate quality were monitored 

Condition Flux, LMH

Flux 1 Supercritical 12

Flux 2 Critical 11

Flux 3 Subcritical 10
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Results and discussion

Permeability of Distilled Water 
Critical Flux
Effect of Fixed Flux on TMP
Permeate Quality
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Permeability of distilled water

y = 0.0226x + 0.0114

y = 0.0184x + 0.0104
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Critical Flux, Jc
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Specific flux from critical flux
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Jc determination
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Effect of fixed flux on TMP
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Permeate quality

EffluentParameter Influent

Flux 1 Flux 2 Flux 3

BOD5 (mg/l) 180 ± 40* 15 ± 5 10 ± 5 10 ± 5 -

COD (mg/l) 1015 ± 50 150 ± 5 110 ± 5 100 ± 5 -

TKN (mg/l) 325 ± 30 83.0 ± 9.1 79.5 ±
7.5

76.5 ± 6.3 -

TP (mg/l) 212 ± 19 65.2 ± 7.3 63.6 ±
5.6

62.3 ± 5.1 -

Turbidity (NTU) 45.5 ± 3.5 3.0 ± 1.0 1.0 ± 0.0

Colour (ADMI) 3120 ± 220 2400 ± 100 17.5 ± 0.5

Effluent 
with PAC

* BOD3 at 30oC
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Conclusion

• Critical flux is among the important design 
consideration

• Jc: 0.0112 m3/m2h
• Sub-critical flux 

– Less fouling 
– Simple cleaning method
– Longer membrane lifespan
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